ABSTRACT Aim: We studied the impact of maternal and pregnancy-related conditions and the effect of gestational age itself, on the health of infants born late preterm.
INTRODUCTION
Preterm birth, before 37 gestational weeks, is a leading cause of neonatal mortality and morbidity (1) and an important cause of morbidity later in childhood (2) . In Sweden, approximately 6% of all infants are born preterm (3) and most are late preterm, born in gestational weeks 34 + 0 to 36 + 6 (4) . A lot of the research focus has been on moderate and extremely preterm infants (5, 6) , while infants born late preterm have been considered less of a problem (7) . Studies in the last decade have shown that children born late preterm have a significantly higher risk of shortterm and long-term mortality and morbidity than infants born at term (8) (9) (10) (11) (12) (13) . It is true that mortality and morbidity decrease in each gestational week, but as late preterm deliveries represent a clinically significant proportion of live births, the absolute number of deaths and complications will be higher for infants born late preterm than for infants born at lower gestational ages (1) . The costs for society are considerable (14) , as is the suffering for the families. Neonatal morbidity is generally believed to be caused by immaturity per se, but it is not clear to what extent the underlying medical conditions that cause preterm birth contribute to the increased morbidity and mortality (9) (10) (11) (15) (16) (17) .
This study was conducted to examine the overall neonatal outcomes after late preterm birth and relate these to outcomes after birth at term. If an increased risk for neonatal morbidity was found, the aim was to investigate whether there was a significant impact of gestational age Abbreviations CI, Confidence interval; CNS, Central nervous system; LGA, Large for gestational age; OR, Odds ratio; PPROM, Preterm prelabour rupture of membranes; SD, Standard deviation; SGA, Small for gestational age.
Key notes
This population-based study investigated the impact of underlying conditions on neonatal morbidity risk in 14 030 infants born late preterm and 294 814 infants born at term in southern Sweden 1995-2013. Morbidity among infants born late preterm was substantially higher than among term infants and the underlying causes for the preterm birth contributed considerably to the poorer outcome. Morbidity decreased with increasing gestational age among infants born late preterm.
within the late preterm group and analyse the impact of the underlying factors with regard to these findings.
METHODS
Singleton infants born alive at 34 + 0 to 41 + 6 gestational weeks, between January 1995 and December 2013, were identified from the Perinatal Revision South Quality Register (18) . This register contains data from all obstetric and neonatal units in the southern healthcare region of Sweden. Our late preterm study group consisted of 14 030 neonates, born in gestational weeks 34 + 0 to 36 + 6. Our term control group included 294 814 neonates born in gestational weeks 37 + 0 to 41 + 6.
The maternal background information, such as body mass index and smoking, refers to data collected during the women's first visit to the antenatal clinic (Table S1 ). The gestational age was assessed on the basis of routine ultrasound in the second trimester. Medical conditions and diagnoses were reported using checkboxes and International Classification of Diseases codes in the Ninth and Tenth Revisions. Infants were defined as small for gestational age (SGA) or large for gestational age (LGA) when they respectively weighed less than two standard deviations (SDs) below or more than two SDs above the expected birth weight for gestational age and gender according to the Swedish intrauterine growth curve (19) . Detailed information regarding the outcomes and relevant International Classification of Disease Diagnoses are displayed in Table S2 .
A hierarchical system was developed to assess how pregnancy complications affect neonatal outcome, arranged by their probable impact on the risk for preterm birth. The rationale for placing the group of congenital malformations first in the hierarchy was to exclude the possibility of birth defects being a source of bias for the results of the other groups. As the system was hierarchical, each infant could only appear in one group. The groups were as follows: (i) congenital malformations; (ii) antepartum haemorrhage, including placenta praevia and placental abruption; (iii) pregestational diabetes; (iv) hypertensive disease of pregnancy, including essential hypertension, gestational hypertension, preeclampsia and eclampsia; (v) infants born SGA if none of the above conditions were present; (vi) preterm prelabour rupture of membranes (PPROM), defined as leakage of amniotic fluid before onset of labour before gestational week 37 + 0; and (vii) none of the complications listed above. The seventh group was used as the reference group for late preterm births. The diagnoses in this group are displayed in Table S3 .
The study was approved by the Ethics Committee of Lund University, Sweden, on February 26, 2015. As this was a register-based study no informed consent was required.
Statistical methods
The demographic differences between groups for binary or continuous outcome measurements were tested using chisquare tests or Mann-Whitney tests, respectively. Neonatal outcome was analysed in relation to gestational age within the late preterm group and between the late preterm and term groups, using simple and multiple logistic regression analyses, as specified in the text and tables. Adjustments were made for year of birth, maternal age, parity 1 or parity 4+ versus parity 2-3, gender, no smoking versus 1-9 or more than 10 cigarettes per day and for body mass index. Missing values were replaced with the overall means.
Multiple logistic regression analyses were also used to calculate odds ratios (ORs) for selected neonatal outcomes for different late preterm groups by the hierarchical system, compared to the group for which no causes for the preterm births were reported. Adjustments were initially made for the possible confounders mentioned above, with the addition of gestational age, and also for Caesarean section in analyses of outcomes related to respiratory disease and infections. The final analyses, which were restricted models, only included factors with p values of <0.2 in the full multivariate models. Findings with p values below 0.05 were regarded to be statistically significant. Statistical analyses were carried out using Gauss software (Aptech Systems Inc, Chandler, AZ, USA).
RESULTS
Maternal, pregnancy and infant characteristics of the study and control groups are shown in Table S1 . There were considerably more primiparous women in the late preterm group but the other maternal characteristics were similar. The majority of the late preterm births (56.2%) had none of the pregnancy complications listed in Table S1 , and the corresponding percentage among the term control group was 91.8%. When they did occur, the most frequent pregnancy complications among the late preterm births were PPROM, hypertensive diseases, pregestational diabetes and placental disorders.
The overall emergency Caesarean section rate was 22.3% in the late preterm group. At the beginning of the study period (1995) (1996) (1997) (1998) (1999) , the rate was 19.8% and it has increased to 24.1% by the end of the study period (2010-2013) (p < 0.001). The induction rate was simultaneously decreased by the corresponding amount. The elective Caesarean section rate was stable, at around 5%, over the study period (data not shown). Table 1 shows the morbidity in late preterm and term infants. The table reveals that late preterm infants were more likely to be small or large for gestational age and have an Apgar score of less than four at one minute or less than seven at five minutes in comparison with term infants. Nearly half (45.8%) of the infants born late preterm were admitted to a neonatal unit and 31.9% of these were admitted for more than one week. Table 2 displays ORs for the outcomes of neonatal death, any CNS complications, any respiratory disease, any infection, any respiratory support and neonatal admission. Two analyses were performed for each outcome. First, the impact of gestational age within the late preterm group was investigated. Second, a comparison was conducted between the late preterm and the term groups. Within the late preterm group, the risk significantly decreased with increasing gestational age for four of the studied outcomes, with ORs for each one-week increment ranging from 0.2 for neonatal admission to 0.7 for infections. For neonatal death and any CNS complications, decreasing risk with gestational age was indicated, but these results were not significant. Compared to the term infants, the late preterm infants were at significantly increased risk for all of the studied outcomes. The adjusted ORs ranged from 13.1 for neonatal admission to 2.3 for infections ( Table 2) .
As specified in the Methods section, the underlying causes of late preterm birth were estimated using a hierarchical system (Table 3) . PPROM and hypertensive diseases were the most frequent underlying conditions and together they occurred in 33.6% of all late preterm births. Many late preterm births (53.4%) and most term births (91.5%) had none of the conditions listed.
For each main neonatal condition we investigated, we looked at the outcomes for each of the six classification groups and compared them to group seven, which was the reference group containing pregnancies without any of pregnancy complications in groups one to six. For each neonatal condition and classification group, three ORs were computed: crude, fully adjusted and ORs from the restricted models. Table 4 shows the crude ORs and adjusted ORs from the restricted models. The mortality rate was too low to analyse by stratifying the underlying conditions. Of the For ICD codes and explanations see Table S2 . *For definitions of respiratory diseases, see (21) .
39 late preterm deaths, 16 occurred among infants with malformations and 16 among infants in pregnancies with none of the considered diagnoses in groups one to six. There was one death in the antepartum haemorrhage group, one in the hypertensive disease group, two among infants born SGA, three after PPROM, but no deaths among infants born to diabetic mothers (data not shown). Table 4 shows that infants with malformations were at increased risk for morbidity with an adjusted OR in the restricted model of between 1.5 
Infants in the PPROM group had lower risks for morbidity than any other group. Compared to the reference group, the adjusted ORs were 0.3 for any CNS complication, 0.7 for any respiratory disease and 0.8 for the need for respiratory support (Table 4) .
A comparison between the low-risk PPROM group and infants born at term revealed that infants in the PPROM group had significantly increased risk for respiratory disease, with an adjusted OR of 4.2 (95% CI: 3.6-5.1), and need of respiratory support, with an adjusted OR of 6.4 (95% CI: 5.5-7.4). Within the PPROM group, the risk for these conditions decreased for each week of gestation. The adjusted OR for each one-week increase in gestational age was 0.5 (95% CI: 0.4-0.6) for respiratory disease and 0.4 (95% CI: 0.3-0.4) for respiratory support. No differences were found for the outcomes of any CNS complications or neonatal death between infants born late preterm after PPROM (p = 0.38) and infants born at term (p = 0.18) (data not shown).
DISCUSSION
This study confirmed that infants born late preterm had an increased risk for neonatal mortality and morbidity compared to term infants. Within the late preterm group, neonatal morbidity decreased with increasing gestational age.
A hierarchical classification was developed to investigate the contribution of six maternal, foetal or pregnancy-related conditions to neonatal outcomes. The ORs were adjusted for gestational age, year of birth, smoking, maternal age, parity and gender. Gestational age, even within this range, would have been an obvious confounder, as it was likely to be related to both neonatal morbidity and to pregnancy complications. The numbers were sometimes low, and this did not permit the exposures and outcomes to be stratified by gestational week. Instead, as explained in the material and methods section, gestational age was included in the models as a continuous variable. To eliminate the effects of Table 2 Analyses of the impact of gestational age (GA) on neonatal outcome within the late preterm group, and comparisons between late preterm and term groups the mode of delivery on neonatal conditions involving breathing difficulties and infections, we also adjusted for Caesarean section. When comparing outcomes between the different preterm groups, significant heterogeneities were found, suggesting a large contribution from underlying conditions. Infants with malformations, and those exposed to antepartum haemorrhages or maternal diabetes, were at a particular high risk of suffering from CNS complications. The group of preterm infants not subjected to any of the six underlying conditions was probably heterogeneous, but was found to be at relatively low risk compared to the other late preterm groups. The group classified as PPROM without diagnoses of malformation, haemorrhage, pregestational diabetes, hypertensive diseases or SGA was found to be at comparatively low risk. The PPROM group was likely to have been a homogeneous group, merely consisting of idiopathic preterm births without other complications. Neonates in the PPROM group were not at higher risk for CNS complications than infants in the term group, but significantly more likely to suffer from respiratory diseases and to need respiratory support. The risk for respiratory diseases decreased significantly with increasing gestational age, regardless of the underlying cause of the prematurity.
Few studies have tried to model the effect of maternal medical conditions on infant morbidity. Shapiro-Mendoza et al. (11) compared the neonatal outcomes of infants born late preterm with those of term infants stratified for a number of selected maternal medical conditions. They found that neonatal morbidity in late preterm infants was associated with antepartum haemorrhage and hypertensive disease, findings that agreed with the results reported in the current study. One drawback of the mentioned study was that most of the investigated maternal conditions, including maternal lung disease and genital herpes, were only vaguely related to preterm birth. Furthermore, the conditions were only evaluated one at a time, making it difficult to evaluate the overall impact of prematurity on neonatal morbidity per se. Gouyon et al. (10) investigated the impact of gestational age in a group of late preterm infants on what the authors called poor prognosis, meaning death or severe neurological conditions, and on the occurrence of respiratory disorders. In common with the results of our study, they found that the risk for these outcomes significantly decreased with increasing gestational age. They also evaluated the impact of antepartum bleeding and hypertensive disease on neonatal outcomes by adjusting for these conditions in a multiple regression model. Both conditions were found to be related to the studied outcomes. The analysis design that they chose meant that it was not possible to investigate the impact of maternal and pregnancy conditions like PPROM that only exist in the preterm population. Furthermore, as with the method used by Shapiro-Mendoza et al. (11) , the assumption that diseases that cause preterm birth are equivalent to diseases that occur later in pregnancy is problematic. We believe that each condition present during preterm birth is likely to be more severe than the corresponding condition in term birth.
We chose to compare the neonatal outcomes among different groups of preterm births using a hierarchical system that was sorted by severity and probability as a cause of preterm birth. Delorme et al. (20) used a similar hierarchical classification for the probable causes of preterm birth in a study of neonatal mortality that focused on preterm infants below 34 gestational weeks. As we did not want infants with malformations to affect the results in the other groups, these were placed in group number one. This procedure enabled our results to be compared with other studies in which infants with congenital malformations were often initially excluded. Antepartum haemorrhage was the second group in our list, as bleeding is the most probable and immediate cause of the preterm birth, regardless of any other conditions that are present. Group three consisted of all cases of pregestational diabetes, as it was not possible to distinguish between type 1 diabetes and type 2 diabetes. Groups four, five and six consisted of preterm births that included preeclampsia or other hypertensive diseases, growth retardation due to other causes and PPROM, respectively. Using this system, preterm births that were not associated with any of the major antenatal pregnancy complications we listed were left in the group seven, which did not contain any of the conditions in groups one to six. This group consisted of a mixture of pregnancies with rare conditions with uncertain relevance for preterm birth, pregnancies with complications that were not properly diagnosed and idiopathic late preterm births. Table S3 shows some of the diagnoses in this group, which included more than half (53%) of all late preterm births in the current study. This unspecified group might look suspiciously large, but it reflects the obstetrical reality that preterm birth is often idiopathic, with no obvious cause or existing risk factor. The demonstrated heterogeneity of the outcomes among the groups suggests that the underlying conditions accounted for a substantial part of the morbidity in infants born late preterm. To evaluate the effect of prematurity per se on neonatal morbidity, we compared the outcomes of the group with the lowest risk for neonatal morbidity, the PPROM group, with that for infants born at term. 
STRENGTHS AND LIMITATIONS
The main strength of our study was that it was populationbased and yet contains detailed information about neonatal outcomes and interventions. Another strength was the study group size. However, even if the overall numbers were assuring, the numbers were sometimes quite small when the cohort was broken up into subgroups. The possibility that some of the results were chance findings due to multiple comparisons cannot be ignored. Another limitation was that the data extended over a long period of time, during which clinical practice has changed. Our conclusions may not necessarily be valid for countries with a higher prematurity rate and a higher perinatal mortality.
INTERPRETATION
The need for neonatal care may be difficult to anticipate for infants born late preterm. The results of the present study should increase awareness among delivery staff that late preterm birth is an event with varying risks for the infant and that, for some subgroups, the presence of skilled neonatal staff may be warranted. Generally, for each outcome studied, the risks decreased with increasing gestational age. Furthermore, a high probability of the need for neonatal care and, or, respiratory support was not just found for late preterm births complicated by antenatal bleeding and malformations. It was also found for late preterm births complicated by diabetes or SGA due to other causes than preeclampsia or hypertensive disease. On the other hand, the results of our study can be used to reassure patients who arrive on the delivery ward with PPROM.
CONCLUSION
Our study showed that infants who were born late preterm had an increased risk of neonatal mortality and morbidity. The results suggest that, even though this risk decreased with each increased week of gestational age studied, the underlying medical conditions accounted for a substantial proportion of the morbidity among these infants. Late preterm birth after PPROM, with no other major pregnancy complications, seems to define a low-risk group. The risk for respiratory disease decreased significantly with increasing gestational age, regardless of the underlying cause for the preterm birth, and seems to be specifically related to prematurity per se.
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